1. The amount and types of phospholipid and the fatty acid composition of the various phospholipids were examined in intact rat liver mitochondria, in mitochondria devoid of their outer membrane (preparation A) and in very small pieces derived from the disruption of the inner-membrane complexes (preparation B). The latter two preparations were obtained by digitonin treatment and carry out oxidative phosphorylation. 2. The ratio p,g.atoms of phospholipid P/mg. of protein was 0-163 for intact mitochondria, decreased to 0-118 on removal of the outer membrane and increased markedly to 0-292 on disruption of the inner-membrane complex. 3. Examination of the various types of phospholipid present showed that the molar proportions cardiolipin: phosphatidylcholine: phosphatidylethanolamine were approx. 1: 6: 6 for intact mitochondria and 1: 3: 3 for preparations A and B. 4. There was a correlation between the recovery of cardiolipin and adenosine triphosphatase activity in the conversion of intact mitochondria into preparations A and B. 5. The fatty acid contents of the various types of phospholipid purified by thin-layer chromatography were identical in all three preparations. Our results show a considerably higher content of arachidonic acid and lower content of oleic acid for phosphatidylcholine, phosphatidylethanolamine and phosphatidylinositol than have previously been reported for mitochondrial phospholipids.
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The preceding papers (Hoppel & Cooper, 1968; Morton, Hoppel & Cooper, 1968) described the effects of repetitive treatment of rat liver mitochondria with digitonin on the enzyme content and structure of the resulting preparations. In the present paper we describe the effect of this treatment on the phospholipid composition and the fatty acid content of each phospholipid class of the preparations examined. Dittmer & Lester (1964) . For the determination of phosphorus in the different phospholipid bands the bands were scraped into 125mm. x 15mm.
EXPERIMENTAL
at 1900 in a heating block. The tubes were then cooled, 10 drops of 30% H202 were added and the tubes again heated for 1 hr. Phosphorus was then determined by the method of Parker & Peterson (1965) . For the determination of the fatty acid composition of the various phospholipids the sample areas corresponding to phosphatidylethanolamine, phosphatidylinositol and phosphatidylcholine and a blank area were scraped from the plate and transmethylated (described below). The plate was then rotated through 90°, and the remaining cardiolipin band was rechromatographed to remove neutral lipid contaminants. The solvent system (Mangold & Malins, 1960) was Skellysolve B-diethyl etheracetic acid (80:20:1, by vol.) containing 0-01% DL-oc-tOCOpherol. After development, the cardiolipin and a corresponding blank area were scraped off and transmethylated.
Amino phosphatides were detected by the ninhydrin method of Skipski et al. (1964) . A positive reaction from the mitochondrial fractions was only obtained for the band corresponding in Rp to phosphatidylethanolamine. Molybdate spray by the method of Dittmer & Lester (1964) showed bands corresponding in RF to phosphatidylcholine, phosphatidylethanolamine and cardiolipin in all mitochondrial fractions and to phosphatidylinositol in intact mitochondria. The Dragendorf spray as prepared by Skidmore & Entenman (1962) showed orange bands corresponding in Rp to phosphatidylcholine. The Schiff test for plasmalogens showed no violet colour on the plates (Skidmore & Entenman, 1962) .
Gas-liquid chromatography. The material scraped from the plates was transmethylated by placing it into 5ml. ampoules and adding 1 ml. of a mixture of 2% (v/v) H2SO4 in methanol. The ampoules were flushed with N2, sealed and refluxed in a 650 oven overnight. The ampoules were allowed to cool and then opened as used. Then 1 ml. of The removal of outer membrane from rat liver mitochondria by the use of digitonin as described by Hoppel & Cooper (1968) gives a relatively pure inner-membrane complex still containing approx. 80% of the 'soluble' mitochondrial enzymes. The preparation had a phospholipid P/protein ratio that was 73 % of that of intact mitochondria. This decline would be expected because Parsons et al. (1967) found that the outer membrane of guinea-pig liver mitochondria is rich in phospholipid and Schnaitman et al. (1967) have made the same observation with rat liver mitochondria.
The particulate fraction B, consisting of relatively small pieces obtained from preparation A by retreating it with digitonin, contains very little of the 'soluble' enzymes but still retains a considerable amount of the cytochromes and bound enzymes of preparation A (Hoppel & Cooper, 1968) . Table 1 shows that it was enriched in phospholipid relative to both intact mitochondria (179%) and preparation A (247%).
Pho4pholipid di8tribution. Table 2 for both preparations A and B. This is in accord with the findings of Parsons et al. (1967) that the outer mitochondrial membrane is low in cardiolipin. However, Parsons et al. (1967) found that the molar proportions cardiolipin P: phosphatidylcholine P : phosphatidylethanolamine P were 1: 3-5: 2-5 for intact guinea-pig liver mitochondria and remained relatively unchanged (1:4-1:2.6) after removal of the outer membrane by swelling in phosphate buffer, whereas our values were 1: 6 4: 5-6 for the rat liver mitochondria and these changed to 1: 3-4: 3-1 after removal of the outer membrane by digitonin treatment (preparation A) and remained essentially unchanged on further treatment, i.e. 1:2-9:3-4 for preparation B. Our findings are very similar to those of , who reported proportions 1:4-6:5-0 for rat liver mitochondria and found that they changed to 1-2-3:2-3 on treatment with digitonin. However, Bartley et al. (1962) also found that all of the phospholipids of their digitonin preparations were 'lysophosphatides', whereas we have found very little, if any, lysolecithin in any of our preparations.
There was a striking parallel between the effect of digitonin treatment on the content of cardiolipin and adenosine triphosphatase. In the conversion of mitochondria into preparation A there was 121% enrichment in the jtg.atoms of cardiolipin P/mg. of protein and 144% enrichment in the specific activity of adenosine triphosphatase (Hoppel & Cooper, 1968 The values for intact mitochondria are compared in Table 3 with those reported by others for liver mitochondria. There is reasonably good agreement between the values reported for rat liver mitochondria, but those of bovine and guinea-pig liver have a relatively higher content of cardiolipin.
Fatty acid content ofpho8pholipidfractions. Table  4 shows the distribution of fatty acids in the different phospholipid classes. There were no significant changes in the distribution of fatty acids on repetitive treatment of mitochondria with digitonin. This indicates that the fatty acid compositions of the various phospholipids in both the inner and outer mitochondrial membranes were identical even though the relative amounts of the types of phospholipids in the two membranes were different. These findings are in contrast with those of , who reported that digitonin treatment produced changes in the fatty acid composition of some phospholipids. 4.7 8-7
14-0 7.7 9-0 3.4 distribution of fatty acids. Phosphatidylethanolamine had a lower percentage of C18:2 acid and slightly higher percentage of C20:4 and C22:6 acids than did phosphatidylcholine. Phosphatidylcholine, phosphatidylethanolamine and phosphatidylinositol had a ratio of unsaturated to saturated fatty acids almost 1:1, whereas cardiolipin contained unsaturated fatty acids almost exclusively with the major fatty acid being C18:2 acid. The only saturated fatty acid in cardiolipin was palmitic (C16:0) acid.
The fatty acid composition in each purified phospholipid fraction agreed reasonably well with similar reports in the literature. The one clear difference however between our findings and those of workers in other Laboratories was that we found a much higher content of arachidonic (C20:4) acid and a much lower content of oleic (C18:1) in phosphatidylcholine, phosphatidylethanolamine and phosphatidylinositol. The other literature values are shown in Table 5 . The reason for these discrepancies is not clear, but may result from the fact that we used DL-oc-tocopherol to prevent lipid peroxidation during handling (Witting, Harvey, Century & Horwitt, 1961) . Another possible explanation is variations in the degree of microsomal contamination. Both and MacFarlane et al. (1960) have shown that microsomal phospholipids have high oleic acid and low arachidonic acid content. have also shown that microsomes contain approx. 24% of lysophosphatides, but our preparations contained very little lysolecithin.
